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REGULATED AND INTERACTIVE MUSCLE
STIMULATION USING SENSORY
REGULATED EMG TRIGGERED

STIMULATION FOR FORGING NEURAL
PATHWAYS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation-in-part of U.S. Non-
Provisional application Ser. No. 16/839,105 filed Apr. 3,
2020, which 1s a continuation-in-part of U.S. Non-Provi-
sional application Ser. No. 16/391,933 filed Apr. 23, 2019,
which 1s a continuation-in-part of U.S. Non-Provisional
application Ser. No. 15/010,372 filed Jan. 29, 2016, the

disclosures of each of which are hereby incorporated by
reference in their entireties.

TECHNICAL FIELD

Exemplary embodiments of the present imnvention relate
generally to systems and methods for providing regulated
and 1nteractive muscle stimulation using sensory regulated
EMG triggered stimulation, such as for forging neural
pathways.

BACKGROUND AND SUMMARY OF TH.
INVENTION

T

In human females, the pelvic floor muscles may become
weak or lose conditioning as the result of age, childbirth,
ijury or disease. As a result, those with weak or uncondi-
tioned muscles may experience difliculty controlling or
stopping the tlow of urine. As a result, these individuals may
experience episodes of incontinence, sexual dysfunction, or
other undesirable situations related to muscle control. In
order to improve the condition of the pelvic tloor muscles
and thus reduce the incidences of incontinence, improve
sexual function, and/or improve other undesirable situations,
individuals may perform various exercises including an
exercise that involves the voluntary contraction of the pelvic
floor muscles. The most well-known of these 1s the Kegel
exercise. When performing Kegel exercises, a subject gen-
crally will attempt to contract their muscles for a short
period of time, release the contraction of those muscles and
then repeat this process. The desired result 1s the improve-
ment of muscle tone 1n the pelvic floor muscles. Some
individuals may have dithculty identifying the correct
muscles to contract or may not hold the contraction long
enough to be beneficial. In other cases, the individual may
not remember to perform the exercises or lose interest and
either stop performing the exercise or not perform them
frequently enough to obtain a desired benefit.

There have been devices disclosed that assist a user in
their eflorts to learn to contract the muscles of the pelvic
tfloor using various methods of electrically stimulating those
muscles. In fact, various classes of muscle stimulators have
been defined by the U.S. Food and Drug Administration
including muscle stimulators for the improvement of muscle
tone, muscle stimulators for the treatment of incontinence
and stimulation for the treatment of muscle pain. Devices for
facilitating some of these treatments are also known 1n the
art. For example, U.S. Pat. No. 5,800,501 (Sherlock) dis-
closes a device for providing an electrode for electrical
stimulation. This same device may also be used to receive
biofeedback signals. With such a device, a user may receive
stimulation 1n order to strengthen the muscles of the pelvic
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floor. In addition to the stimulation portions, Sherlock also
discloses a biofeedback portion. The biofeedback portion
may be used to measure a user’s muscle activity in response
to such stimulation or as the result of exercises initiated by
the user. Such a device may be of value to a user who desires
to strengthen their pelvic floor muscles by combining stimu-
lation with self-initiated muscle exercise. A user of such a
device must be diligent with regard to their selif-initiated
exercises 1 order to see optimum results with regard to
muscle strengthening. The use of games or similar methods
of engaging a user may be beneficial 1n that such methods
may encourage the user to persist in their exercise program.
Various classes of muscle stimulators have been defined by
the U.S. Food and Drug Administration including muscle
stimulators for the improvement of muscle tone, muscle
stimulators for the treatment of incontinence and stimulation
for the treatment of muscle pain feedback.

Applications for regulated stimulation and interactive
teedback extend beyond the pelvic floor muscles and 1ncon-
tinence 1ssues. Various other muscle groups may be educated
and re-educated to perform 1n desirable ways. Herein, the
terms education and re-education may be used interchange-
ably. Examples of such applications include, but are not
limited to, replantation patients, stroke victims, paralysis
victims, and individuals experiencing other injuries or con-
ditions. In such cases, the amount of muscle stimulation
required for safe and optimal muscle education must be
determined and utilized. In many cases, the optimal amount
of muscle stimulation 1s specific to the particular user based
on the user’s physical characteristics, injury or condition,
and progress within the muscle education program. There-
fore, what 1s needed 1s a system and method which provides
regulated muscle stimulation and interactive feedback for
muscle education.

A system and method which provides regulated muscle
stimulation and 1nteractive feedback for muscle education 1s
disclosed. The muscle education may involve neurological
(hypothalamic) and spinal locomotor pattern generation. In
an embodiment of such a device and system, a muscle
stimulation system may be combined with a biofeedback
receiving system that interacts with a plurality of games. A
user of such a device may engage the muscle stimulation
system to both provide conditioning to pelvic floor muscles
and also to learn what sort of muscle response produces the
desired conditioning of the pelvic floor muscles. A user may
also use the plurality of games to encourage the user to
perform exercises to strengthen the pelvic floor muscles.
Games may have the benefit of encouraging the user to
initiate the desired exercise and also to provide guidance to
the user 1n regards to an optimum exercise level and tech-
nique. In an embodiment of the invention, a firewall may be
created between the stimulation portion and the feedback
portion to prevent the use of the feedback portion to control
the stimulation. Such a firewall may be physical in nature, in
other words, a physical 1solation between the electronic
components comprising the stimulation and biofeedback
portion of an embodiment of the invention. In other embodi-
ments ol the invention, the firewall may be formed by the
solftware programming ol the embodiment. In such an
example, the software may be designed to prevent interac-
tion between the biofeedback and stimulation portions of the
embodiment. In an embodiment of the device in which the
firewall 1s formed in software, an enabling code may be
implemented such that persons seeking to change or modity
the device programming may be prevented from doing so
without having the proper enabling code. Such an enabling
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code feature may also be used to prevent software modifi-
cations or game designs that may be harmiful to a user of the
device.

The muscle stimulation provided may be regulated to
reflect a desired outcome. Too much muscle stimulation can
be counter-productive as it may result in regression of
muscle education. Too little muscle stimulation may not be
suflicient to educate the muscles.

For each individual user the maximum therapeutic efli-
cacy may be achieved by way of an algorithmic demonstra-
tion of suflicient muscle performance and respiration.
Salient to the multi-vaniable algorithm 1s the status of the
targeted muscle tissues including, but not limited to, muscle
responsiveness to following the requisite task and a deter-
mination of blood flow. So, 1f the muscle 1s unable to
perform specific template driven low level contraction chal-
lenges and/or exhibits any indications of spasm as monitored
by EMG then the next stimulation (NMES) cycle 1s blocked
and remains arrested for as long as the muscle or muscle
group cannot perform the threshold point prequalification
parameters. As such, the stimulation to be provided may be
determined based on characteristics of the specific indi-
vidual user.

Alternatively, or in addition, the stimulation to be pro-
vided may be determined based on the user’s condition or
injury. In exemplary embodiments, a visualization tool may
be provided with the regulated stimulation. The visualiza-
tion tool may provide a visualization of the desired outcome
during periods of regulated stimulation to incorporate the
user’s locomotor pattern generation in therapy so as to
include but not limit to procedural memory when the pattern
of the objects drives action and when that perception 1is
integral to action in the act of mapping the patterns of the
world onto the patterns of the body. Alternatively, or in
addition, the visualization tool may provide a visualization
of the biofeedback received at the device for enhanced
precision 1n developing specific procedural memory tasks
for the specific individual user.

It 1s known that muscle stimulation can act as an analgesic
for humans. It 1s known to provide TENS electrical stimu-
lation to muscles as part of detoxification therapy, such as
for humans who are detoxitying from smoked or intrave-
nous, pure or black-market, heroin. However, patients may
build tolerances to TENS therapy techniques. Further,
patients often lose interest in non-interactive therapies.
Therefore, what 1s needed 1s a regulated and interactive
muscle stimulation for opioid detoxification therapy.

The present disclosures provide regulated and interactive
muscle stimulation for opioid detoxification therapy. The
regulated electrical impulses may be configured to mimic
action potentials arriving from the central nervous system.
The regulated muscle stimulation may be provided in syn-
chronization with images displayed at an electronic display.
Such 1images may be provided as part of a game. In exem-
plary embodiments, certain regulated muscle stimulations
are provided to a particular muscle or muscle group to mimic
a particular action potential arriving from the central ner-
vous system. The patient may be monitored for biofeedback.
The biofeedback may be in the form of electrical signals
received from the muscle or muscle group due to muscle
contractions, heart rate, muscle contractions and/or tension,
blood flow, pain perception, blood pressure, some combi-
nation thereof, or the like. If the bioteedback meets certain
parameters, a subsequent regulated muscle stimulation, dif-
ferent from the previously provided stimulation, may be
provided. The stimulation provided may be consistent with
stages of a therapy program. If the biofeedback does not
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meet certain parameters consistent with the given stage of
the therapy program the user 1s at, further muscle stimulation
may be arrested until the parameters are met. The user’s
success and failures in meeting the parameters may be
reflected 1n the 1images displayed and/or the game progres-
sion. The muscle stimulation 1tself may act as an analgesic.
Watching the images and/or participating 1n the game may
occupy a significant amount of central nervous processing,
distracting the user from pain or other unpleasant with-
drawal symptoms.

Alternatively, or 1n addition, 1t 1s known that providing
stimulation may induce neural plasticity. It 1s theorized that
the releases of norepinephrine (a stress hormone and neu-
rotransmitter) activates the immune system and causes alert-
ness. Acetylcholine (a neurotransmitter) works in deep sleep
and rest with norepinephrine to bring focus to synapsis of the
braimn to induce change. Vision and movement are also
critical for inducing plasticity, forming new synaptic con-
nections, and/or triggering production of certain neurotrans-
mitters associated with plasticity. For example, mirror neu-
rons may be activated by watching activity performed by
others. As another example, spatial representations may be
maintamned 1 working memory by movement. What 1s
needed 1s regulated and interactive muscle stimulation for
forging neural pathways.

The present disclosures include systems and methods
which provide regulated and interactive muscle stimulation
for forging neural pathways. Regulated stimulation may be
used to induce stress, thereby triggering the release of
certain neurotransmitters which induce a period of height-
ened plasticity at a user’s brain. The regulated stimulation
may be followed by a muscle education program during the
period of heightened plasticity. The muscle education pro-
gram may utilize regulated muscle stimulation to induce
desired movement. The muscle education program may
include the synchronous display of visual cues to demon-
strate desired movement.

The muscle education program may include the display of
teedback from or regarding detected movements. These
detected movements may 1include, for example without
limitation, detect eye movements, facial expressions, and/or
other muscle activity. Such muscle activity may be detected
by, for example without limitation, transducers, cameras,
infrared sensors, retina trackers, pupil trackers, facial rec-
ognition software 1mage recognition software, moisture
detectors, pressure sensors, heart rate monitors, blood pres-
sure detectors, oxygen saturation sensors, respiration moni-
tors, combinations thereof, or other biofeedback sensors.
These features may assist in forging new neural pathways or
otherwise remnforcing desired neural pathways during the
period of heightened plasticity to improve retention and
lasting change.

In exemplary embodiments, the feedback may include
visually displayed simulations of the user’s movement and/
or sensory cues from the patient, including (but not limited
to) eye and muscle movement to 1nitiate regulated therapeu-
tic stimulation to forge neuron pathways, such as but not
limited to, 1n relation to the desired movement such that the
user’s progress towards one or more goals may be estab-
lished. For example, without limitation, biofeedback from
the user may be monitored to determine whether the user 1s
in a positive state such as but not limited to experiencing
relief, happiness, focus, or the like, or 1n a negative state
such as but not limited to pain, anxiety, stress, combinations
thereof, or the like. If the user 1s in a positive state, the
stimulation may be continued or increased. If the user 1s 1n
a negative state, the stimulation may be ceased or decreased.
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In this way, the therapy may be advanced, but not beyond 1ts
cllicacy. These features may assist in forging new neural

pathways or otherwise remnforcing desired neural pathways,
such as but not limited to during the period of heightened
plasticity, to improve retention and lasting change.

Alternatively, or additionally, the feedback may include
progress through one or more games. Such feedback may, at
least 1n part, satisiy the user’s desire for novelty, divert focus
from pain or other undesirable sensations, or otherwise
provide an enjoyable experience, thereby encouraging focus
and progress. The feedback may, alternatively or addition-
ally, provide progress towards one or more objective goals.
As the user accomplishes these goals, the user’s pleasure
centers of the brain may be stimulated. In exemplary
embodiments, the goals may be structured to provide the
user with a realistic path for accomplishing the tangible
objectives over time, which may provide users with a sense
of satisfaction that moves the user towards overcoming
physical and/or emotional injury. Such feedback may be
provided mtermittently and/or goals may be structured for
intermittent accomplishment, such as in an unpredictable
fashion.

The physical and/or electronic separation between the
stimulation and biofeedback portions of devices used to
provide the regulated stimulation and monitor for user
muscle activity to provide feedback may provide safety
against over stimulation, more accurate and precise stimu-
lation, and more accurate and precise biofeedback.

Systems and methods for forging neural pathways in a
user may 1include stimulation and biofeedback devices in
clectronic communication with a controller. Regulated
stimulation, such as by EMG, may be triggered by the
controller or where the controller detects embodied sensory
responses from said body, which may be inducted by the
controller visually or with electrostimulation to induce stress
to create a period of heightened plasticity for the user’s brain
and to include muscular contractions consistent with a
desired movement of said portion of the users body. Images
to create stress or of the desired movement of said portion
of the user’s body may be provided at an electronic display.
Bioteedback is received, and where determined to be posi-
tive, continued or increased stimulation 1s provided. Where
the biofeedback 1s determined to be negative, the stimulation
1s decreased or stopped. During the entire therapy time the
controller monitors and processes embodied sensory 1nput
from the patient to learn the patient’s emotional and physical
thresholds for eflective and safe therapy. Indeed, processing,
speed of the control unit can be used to detect limits long
betfore the patient.

Further features and advantages of the devices and sys-
tems disclosed herein, as well as the structure and operation
ol various aspects of the present disclosure, are described 1n
detail below with reference to the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

In addition to the features mentioned above, other aspects
of the present invention will be readily apparent from the
following descriptions of the drawings and exemplary
embodiments, wherein like reference numerals across the
several views refer to i1dentical or equivalent features, and
wherein:

FIG. 1 1s a simplified block diagram of an exemplary
device;

FIG. 2 1s a flow chart of exemplary logic for authorizing
re-programing ol certain functions;

FIG. 3 1s an exemplary user interface;
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FIG. 4 1s a flow chart of exemplary logic for operation of
the device:

FIG. 5 1s another exemplary user interface for the device;

FIG. 6 illustrates a legend for FIGS. 6A-C;

FIG. 6 A are additional exemplary user interfaces;

FIG. 6B are additional exemplary user interfaces;

FIG. 6C are additional exemplary user interfaces;

FIG. 7 1s a simplified block diagram of another exemplary
muscle stimulation device;

FIG. 8 1s a flowchart of an exemplary method for inter-
acting with the device 1n order to engage 1n a biofeedback
£2ame;

FIG. 9 1s a simplified diagram of a system which permits
users of devices to compete against each other;

FIG. 10 1s a simplified diagram of a visualization tool for
the device;

FIG. 11 1s a flowchart illustrating exemplary logic for the
system of FIG. 10;

FIG. 12 1s another flowchart 1llustrating exemplary logic
for the system of FIG. 10;

FIG. 13 1s a flowchart illustrating exemplary logic for
inducing a period of heightened plasticity; and

FIG. 14 1s a tflowchart illustrating exemplary logic for
sensory regulated stimulation.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENT(S)

Various embodiments of the present invention will now be
described 1n detail with reference to the accompanying
drawings. In the following description, specific details such
as detailed configuration and components are merely pro-
vided to assist the overall understanding of these embodi-
ments of the present mmvention. Therefore, 1t should be
apparent to those skilled in the art that various changes and
modifications of the embodiments described herein can be
made without departing from the scope and spirit of the
present invention. In addition, descriptions of well-known
functions and constructions are omitted for clarity and
CONCISEness.

Embodiments of the mvention are described herein with
reference to illustrations of idealized embodiments (and
intermediate structures) of the invention. As such, vanations
from the shapes of the 1llustrations as a result, for example,
of manufacturing techmiques and/or tolerances, are to be
expected. Thus, embodiments of the invention should not be
construed as limited to the particular shapes of regions
illustrated herein but are to include deviations 1n shapes that
result, for example, from manufacturing.

Referring to FIG. 1, an embodiment of the mnvention may
comprise a processor 102 that 1s 1n electronic communica-
tion with a stimulator 104. In such an embodiment the
stimulator may be 1n electronic communication with a
plurality of electrodes 106. In certain embodiments of the
invention, these electrodes may be mounted to a probe
device 108 that 1s configured to position the electrodes
correctly when 1n use. In the illustrated embodiment, the
processor 102 may also be 1n electronic communication with
a biofeedback recerver 110. The biofeedback recerver may 1n
turn be 1n electronic communication with a transducer 111.
As shown, the transducer may be incorporated into the probe
108. Other embodiments may provide a transducer as a
separate component to be used eirther in conjunction with the
probe or separately when stimulation 1s not required. In
embodiments of the invention, the transducer may be con-
figured to receive electrical signals that are produced by the
body when muscles contract. Other embodiments may use
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various pressure sensors to detect contraction ol muscles
against the transducer. Alternatively, or additionally to the
transducers 111, other sensors may be utilized including, but
not limited to, those configured to measure heart rate,
muscle contraction and/or tension, blood tlow, pain percep-
tion, blood pressure, some combination thereof, or the like.

As 1illustrated, the processor 102 may be in electrical
communication with a memory 112, an mput/output (I/0)
section 114 which may comprise such inputs as pushbuttons,
sound devices, or other selector devices and mput/outputs
such as Wi-F1 and other wired or wireless data connections,
a display 116, and an external display interface 118. The
external display interface may comprise wired and wireless
connections to permit embodiments of the invention to
communicate to external displays in order to enhance the
user’s interactions with the device.

In embodiments of the mnvention, the memory 112 may be
clectronically programmable to permit the function of the
device to be modified. Such programming may be done with
the memory 1n place via a connection to the I/O section 114
or may be performed externally and written to a memory
device that may then be physically inserted ito the device
such that the memory device 1s placed 1n electrical commu-
nication with the processor 102. In order to ensure device
safety, 1n certain embodiments of the invention, an autho-
rization code may be required to permit reprogramming ol
the operating soiftware of the device. In an embodiment of
the invention, a software update program may be executed
by the processor 102 to cause the computer program con-
trolling the operating parameters of the device to be
amended. As 1llustrated 1n the flowchart of FIG. 2, if the
software update program 1s executed 202, the program
instructions may attempt to receive a programming autho-
rization code 204. This receipt may be as the result of a
prompt displayed on the display 116 or may be received as
part of the process of receiving software instructions
uploaded to the device for reprogramming. In order to
determine 11 the programming authorization code 1s valid, an
embodiment of the mvention may compare the code to a list
ol predetermined codes stored in the memory 112 or may
execute software istructions which comprise a predeter-
mined code authorization algorithm. For example, an
embodiment of the invention may receive a numerical value
contained 1n a collection of software instructions which
comprise a software update and apply a predetermined
mathematical equation to that numerical value. If the
received code does not match the result of the equation, the
embodiment of the mvention may determine the received
code to be mvalid. If the received code 1s invalid the device
may notily the user and stop the reprogramming process
206. Alternatively, if the authorization code 1s valid, the
soltware may begin the reprogramming process 208. As will
be described 1n more detail later herein, embodiments of the
invention may comprise interactive games that encourage a
user to participate actively in the exercise process (referred
to herein as true exercise). The code verification process
illustrated 1n FIG. 2 may also be used to validate the
installation of a new or updated interactive game. In such a
manner, access to the stimulation portions of the invention
may be closely regulated 1n order to prevent inappropriate or
potentially harmiul control of the stimulator 104 output
section of the invention. Such a method may be used to
safeguard a software 1solation boundary formed (described
in more detail later herein) between the stimulation and
biofeedback portions of the invention.

In use, embodiments of the invention may utilize the
stimulation section 104 1n conjunction with the probe 108
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and electrodes 106 to provide a stimulation signal to a user.
As the result of the configuration of the probe 108 and
control of the stimulation section 104 by the processor 102,
a controlled stimulation signal may be output to a user. Such
a signal may function to cause a specific set of the user’s
muscles to contract mn a way that provides the necessary
stimulation to improve the conditioning of those particular
muscles. The level and duration of stimulation may be
adjustable 1n certain embodiments of the invention. One
function of the stimulation provided by the mnvention 1s to
allow a user to experience the contraction sensation that may
result in an optimum level of conditioning of a user’s pelvic
floor muscles. As such, the process of stimulation could be
thought of as a process of training the user’s muscles to
perform a conditioning exercise necessary to further
improve the conditioning and resulting performance of the
user’s muscles. As used in this description, the term “stimu-
lation™ has a different meaming than that of “exercise.” As
used herein, “exercise’” or “true exercise” means the volun-
tary control by a person of certain muscles to provide a
desired result whereas, stimulation means that the muscles
are stimulated electrically to cause a contraction of the
muscle. With regard to pelvic floor muscles, one of the
desired results of various combinations of stimulation and
exercise 1s an improvement in a person’s ability to control
the various muscles regulating the tlow of urine.

A user may 1nstruct an embodiment of the invention using
an 1mput/output device 114 such as a switch or pushbutton,
to start the process of providing a stimulation signal. In
embodiments of the mvention, a user may be able to select
a particular stimulation regimen. For example, a user may
select the duration and intensity of the desired stimulation
process. Embodiments of the mvention may be provided
with limitations and warnings to the user 1n the event that the
level and duration of stimulation may exceed a level that 1s
safe or may prove to be uncomiortable to a user.

In certain embodiments of the invention, a user may select
between a stimulation mode and a biofeedback mode. An
example of a user interface presenting such a selection 1s
illustrated 1 FIG. 3. As 1s shown, a user may select
stimulation 302 or biofeedback 304. As illustrated 1n the
flow chart of FIG. 4, after a user selects stimulation from a
menu similar to what 1s illustrated in FIG. 3, an embodiment
of the mvention may provide a stimulation signal to a user
402. When 1n such a mode, a user may be presented with a
series of stimulation options. Referring to FIG. 5§ which
illustrates an example user interface, a user may be pre-
sented with menu 502 which provides options for various
stimulation characteristics. For example, as illustrated a user
may be presented with selections for the treatment of various
types ol female incontinence. As an example of how an
embodiment of the invention may interact with a user, such
a user may select a stimulation option from a main menu
300. When a user makes a menu selection, a second level of
menu may be displayed 502. As 1llustrated, an embodiment
of the mvention may provide the user with additional
choices 1n such a second level menu. Referring to FIG. 6 at
602, a user may select a massage stimulation option. When
such an option 1s selected, a user may be presented with a
user interface screen that displays the characteristics of the
selected stimulation option 604. A user may elect to start the
stimulation program corresponding to the selected option.
When started, a user interface may provide feedback to the
user 1 order to properly interact with the stimulation
provided by the invention. For example, as illustrated, a user
interface may provide an indication of the stimulation pro-
vided by the invention 606. In the 1llustrated example, a user
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may be required to relax their muscles during portions of the
stimulation program. A user interface to provide the neces-
sary feedback to a user 1s illustrated at 608. As illustrated,
the stimulation signal may be removed and a user may be
encouraged to relax theiwr muscles to a certain level by a
graphical 1llustration corresponding to a relaxed state. In the
example shown, an indicator may be shown that moves
across the user mterface 1n response to a biofeedback nput
received by the invention that corresponds to a measured
level of muscle relaxation. In such a manner, an embodiment
of the invention may combine a stimulation portion 104 with
a biofeedback portion 110. In exemplary embodiments, the
stimulation portion 104 and/or electrodes 106 may be pro-
vided at a first probe or other device 108 and the biofeedback
portion 110 and/or transducers 111 may be provided at a
second probe or device 108. In such embodiments, the first
and second probes or other devices 108 may be 1n electrical
communication with one another or may be separate and 1n
clectrical communication with a common controller. The
vartous devices 108 may be adapted to conform to or
otherwise interact with specific muscle groups and/or body
parts.

In embodiments of the invention 1 which there 1s an
clectrical connection between the stimulation and biofeed-
back portions of the electronic circuitry, allowing the bio-
teedback portion of the imnvention to control the stimulation
output could potentially result in mjury to a user. The
capability for such an interaction should be carefully regu-
lated to prevent potentially harmful unauthorized software
modifications. In order to provide a level of protection to the
user that prevents the stimulation portion of the mmvention
from interacting with the biofeedback portion of the inven-
tion, a software “firewall” may be formed to prevent such an
interaction. As was described earlier herein, a requirement
that software changes require an authorization code 1n order
to be implemented may provide an additional layer of
protection 1n that an unauthorized programmer may be
prevented from having the level of access necessary to
reprogram the processor 102 to overcome the software
firewall. In such a manner, an undesired interaction that
could result from unauthorized programming may be pre-
vented.

In other embodiments of the invention, a physical sepa-
ration (firewall) between the stimulation portion and the
biofeedback portion may be implemented. Such an embodi-
ment 1s 1llustrated 1n FIG. 7. In such an embodiment, a first
processor 702 may be 1n electrical communication with a
stimulation portion 704. Software instructions may be con-
tained 1 a memory 706 that 1s 1n electronic communication
with the first processor 702. As illustrated, a second proces-
sor 708 may be 1n electronic communication with a bio-
teedback recerver 710 and a second memory 712. In such a
configuration, an embodiment of the invention may have
two 1solated control sections such that there 1s a separation
between the stimulation and biofeedback portions of the
invention. Such a separation may further ensure that there 1s
no undesired interaction between the stimulation and bio-
teedback portion of the invention. As illustrated, 1n embodi-
ments of the mnvention, certain components such as a display
portion 714 may be 1in commumnication with both the first
processor 702 and the second processor 708 while retaining,
the 1solation between the stimulation and biofeedback por-
tions of the invention.

When the user desires to switch from stimulation to true
exercise as defined herein, that user may elect to interact
solely with the biofeedback portion of the invention. Refer-
ring again to the flowchart of FIG. 4, a user may select a
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biofeedback only operation 404. As 1llustrated, an embodi-
ment of the invention may then receirve biofeedback input
data from the biofeedback receiver 110 i step 406. In
certain embodiments of the invention, biofeedback results
may be displayed to a user 408 1n order to guide that user’s
performance of a series ol exercise steps. As shown 1n the
flowchart of FIG. 8, a user may elect to engage 1n true
exercise 802. In step 804, such a user may select an exercise
game {rom one or more such exercise games provided by an
embodiment of the invention. During the process of a user’s
playing such a game, an embodiment of the mvention may
receive biofeedback data from the biofeedback receiver 102
in step 806. In order to provide feedback to a user, an
embodiment of the invention may display a game indicator
in response to the received mput 1n step 808.

As with many forms ol exercise, keeping the person
performing the exercise engaged with the exercise may be
facilitated by the use of games or similar competitive tasks.
In such methods, providing a user the ability to compete
against a series of predetermined tasks or alternatively,
against another person, may distract the focus of such a
person of the exercise 1tsell and onto the competitive chal-
lenge provided by the game. Using such a technique, a user
may find it easier and less tedious to perform the desired
exercise. In embodiments of the present invention, the
exercise goal 1s to encourage the user to perform a series of
muscle contractions and releases of suthicient duration and
intensity to produce an improvement 1n the muscle condition
of the pelvic floor muscles of the person performing the
exercise. As 1illustrated i FIG. 6, a user may be presented
with a selection of various games 610. In the illustrated
embodiment, the selection of games 1s intended to provide
a series of exercise steps directed towards a specific goal. As
illustrated, a first game 612 may involve encouraging a user
to contract and release their muscles 1n a specific pattern. In
the 1llustrated example, this 1s accomplished by displaying a
bird 614 that appears to fly through the air. The bird can be
made to rise and fall according to the biofeedback recerved
by an embodiment of the mnvention. In such an embodiment,
a rise of the displayed bird 614 may represent a user’s
increase in the strength of their muscle contraction. Con-
versely, the bird 614 may fall 1n response to the user’s
relaxing their muscles. As the bird 614 appears to {ly through
the air, a series of obstacles may be presented such that the
user must contract theirr muscles to prevent the bird from
colliding with the presented obstacle. Thus, to encourage the
user to repeatedly contract their muscles, the series of
obstacles 616 (illustrated as trees) may be presented 1n series
according to how long 1t 1s desired to require the user to
tighten their muscles. Similarly, in order to get the user to
relax or vary the strength of the contraction of their muscles,
a series of objects or prizes may be displayed 618 (here
illustrated as pineapple shapes). Such prizes may be posi-
tioned at various levels of the display to encourage a user to
maintain a predetermined level of contraction in order to
cause the bird shape to pass over the prize.

As 1llustrated at 620, in other embodiments of the game
a user may be encouraged to tighten their muscles to cause
a displayed character to rise or fall along an incline as
illustrated 622. As shown, the incline may be illustrated as
an increasingly steep hill. The user may be encouraged to
tighten or relax their muscles to cause the character to move
up and down the incline or to hold the character 1n a certain
position. These movements may cause the user to be aware
of their ability to partially contract or relax their muscles.
Similarly, in another embodiment of such a game, a user
may be presented with a shape which can illustrate a
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contracted or relaxed muscle. As 1llustrated in FIG. 6 at 624,
a flower may be shown as closed when a user’s muscles are
contracted or open 626 when that same user 1s causing their
muscles to relax.

In order to further engage a user, embodiments of the
invention may be configured to communicate with other
users as 1llustrated 1n FIG. 9. As shown, a first device 902
may be placed 1n electronic communication with a second
device 904. As 1illustrated, the connections are formed using
a connection through the mnternet 906. One ordinarily skilled
in the art will understand that the connection from the
devices 902 and 904 may involve Wi-Fi, a wired connection,
cellular data or other connection methods that may become
availlable. When connected, the user of the first device 908
and the user of the second device 910 may engage 1n a
competitive game play mode 1n which the first and second
user may compete against each other by performing con-
traction and relaxation movements such that they earn points
or progress through a game more quickly than the other
player in order to win the competitive game. As with single
user game play modes, this embodiment of the mnvention
may serve to further encourage a user to perform condition-
ing exercises 1n order to improve their muscle condition to
prevent or improve conditions such as incontinence.

FIG. 10 illustrates an exemplary embodiment with a
device 1002 1n electrical connection with a visualization tool
1004. FI1G. 11 illustrates exemplary logic for use with the
device 1002 and visualization tool 1004 of FIG. 10. At step
1102, various stimulation levels may be provided for various
stages ol a muscle education program. Such stimulation
levels and stages of the muscle reeducation program may be
prescribed, provided in text, chart, or the like. Alternatively,
or in addition, such stimulation levels and stages of the
muscle reeducation program may be programmed into the
device 1002. The muscle stimulation may be selected to
reflect a desired outcome. For example, without limitation,
the desired outcome may be gripping a hand, moving a
finger, extending a leg, standing up, or the like. Too much
muscle stimulation may be counter-productive as 1t may
result 1n regression of muscle education. Too little muscle
stimulation may not adequately educate the muscles.

For each individual user the maximum therapeutic efli-
cacy may be achieved, for example without limitation, by
way of an algorithmic demonstration of suflicient muscle
performance and respiration. Salient to the multi-variable
algorithm 1s the status of the targeted muscle tissues includ-
ing, but not limited to muscle responsiveness to following
the requisite task and a determination of blood flow. Such
characteristics may be measured and used to develop a
regulated stimulation level specific to the patient and the
desired muscle education. If the muscle 1s unable to perform
specific template driven low level contraction challenges
and/or exhibits any indications of spasm as monitored by an
EMG then the next stimulation (NMES) cycle 1s blocked
and remains arrested for as long as the muscle or muscle
group cannot perform the threshold point prequalification
parameters. As such, the provided stimulation may be
selected based on characteristics of the specific individual
user.

Alternatively, or 1n addition, the provided stimulation may
be selected based on the user’s condition or injury. In
exemplary embodiments, the programmed stimulation lev-
cls may be selected to retlect clinical research, best prac-
tices, and the like regarding appropriate stimulation levels.
Alternatively, or in addition, the device 1002 may be pro-
grammed with a number of predetermined stimulation levels
associated with various user characteristics and/or injuries or
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conditions. The user may be prompted with questions to
determine the user’s characteristics and 1njury or condition
and the device 1002 may suggest or select the associated
predetermined stimulation level. Such predetermined stimu-
lation levels may be stored at the memory 704, though such
1s not required. Regardless, the device 1002 may be regu-
lated to only permit stimulation consistent with the provided
stimulation levels for the given stage of the muscle educa-
tion program.

At step 1104, the device 1002 may be fitted with one or
more probes appropriate for the muscle group to be stimu-
lated. For example, without limitation, the probes may be a
slender wand, a pad, a sticker, some combination thereot, or
the like. The probes may be provided in any number of sizes
and shapes.

At step 1106, the device 1002 may determine which stage
of the muscle education program the user 1s at and proceed
accordingly. If the program 1s complete, the session may be
ended. Otherwise, at step 1108, the device 1002 may begin
with the 1mitial stage and provide regulated muscle stimu-
lation at the device 1002. The device 1002 may simultane-
ously display a visualization at the visualization tool 1004 at
step 1008, though such 1s not required. The visualization
may be of a particular activity and/or the desired outcome.
For example, without limitation, the visualization device
1004 may display the 1image of a hand grasping an apple, a
leg kicking a soccer ball, a person standing up, or the like.
In this way, the user may associate the stimulation provided
with the desired outcome to improve the muscle memory
and likelihood that the neural pathways will be educated as
desired.

At step 1110, biofeedback may be received at the device
1002. The device 1002 may simultaneously display a visu-
alization at the visualization tool 1004 at step 1110, though
such 1s not required. The wvisualization may retlect the
biofeedback received 1n view of the desired outcome. For
example, without limitation, the visualization device 1004
may display the image of a hand grasping an apple, a leg
kicking a soccer ball, a person standing up, or the like
consistent with the level of biofeedback received. For
example, without limitation, the hand may only be partially
contracted, the leg may only be partially extended (or the
ball may only travel so far), or the person may only stand up
enough to reflect the level of biofeedback received. If the
user adequately contracts or relaxes the muscle group, the
desired outcome may be displayed. If the user does not
adequately contract or relax the muscle group, something
less or diflerent from the desired outcome may be displayed.
In this way, the user i1s provided with a visual depiction of
their progress towards the desired outcome. Furthermore,
the visualization tool may serve as a gamification tool for
improving the likelihood that the user will complete the
muscle education program. Further still, the user may asso-
ciate the muscular action with the depicted outcome to
improve the muscle memory and likelthood that the neural
pathways will be educated as desired. As each stage of the
program 1s completed, at step 1112, the program may be
advanced to the next stage.

In some embodiments, the visualization may be provided
only with the biofeedback at step 1110. In other embodi-
ments, the visualization may be provided only with the
stimulation at step 1108. In still other embodiments, the
visualization may be provided with both the stimulation at
the feedback at steps 1108 and 1110. In still other embodi-
ments, no visualization may be provided.

The visualization tool 1004 may be one or more electronic
displays. The device 1002 and/or the visualization tool 1004
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may be configured to display a visualization of the desired
outcome. The visualization tool 1004 may be separate from,
or integrated with, the device 1002. The visualization tool
1004 may be provided on a phone, tablet, computer, or the
like. The visualization tool 1004 may be connected to the
device 1002 by way of a wired or wireless connection.

FI1G. 12 illustrates exemplary logic for use with the device
1002 and visualization tool 1004 of FIG. 10 or other devices
shown and described herein. The logic 1llustrated 1n FIG. 12
may be used 1n addition to, or alternatively to, other exem-
plary logic shown or described herein. Similar steps may be
numbered similarly but increased by 100 (e.g., 1102 to
1202). Stimulation levels, visualizations, and/or parameters
may be received for each of a number of stages of a therapy
program at step 2102. Appropniate stimulation devices(s)
104, 106 may be selected at step 2104. Appropriate biofeed-
back device(s) 110, 111 may be selected at step 2105. For
example, without limitation, the biofeedback device 110,
111 may be selected for use with a particular body part
matching the body part selected for use with the stimulation
device 104, 106 at step 1104.

If the user has completed the therapy program at step
2106, the process may end. If the user has not completed the
therapy program, the user’s current stage of the program
may be determined at step 2107. Regulated muscle stimu-
lation and/or visualizations may be provided at step 2108
consistent with the stage of the program the user 1s at. The
stimulation administered at step 2108 may be regulated 1n
terms of wattage, voltage, amperage, time, frequency, dura-
tion, mtensity, power, energy, some combination thereot, or
the like. Biofeedback may be received at step 2110. After
receiving such biofeedback at step 2110, a determination
may be made as to whether the recerved biofeedback meets
certain parameters at step 2111.

The parameters may be predetermined. The parameters
may comprise thresholds, targets, ranges, some combination
thereol, or the like. The parameters may be configured to
reflect expected biofeedback matching the provided regu-
lated muscle stimulation or visualization provided at step
2108. For example, without limitation, the regulated muscle
stimulation may be provided at step 2108 to mimic action
potentials provided by the central nervous system to mimic
particular body part movements or other objects. The visu-
alization provided at stem 2108 may retlect a certain desir-
able movement of the body part, for example without
limitation, extending an arm or making a fist. The biofeed-
back collected may comprise muscle contraction and/or
tension. The parameters may be selected to reflect the
particular muscle movement mimicked in the regulated
muscle stimulation and shown in the visualization with a
margin of error.

Alternatively, or additionally, the regulated muscle stimu-
lation may be provided at step 2108 to provide an analgesic
cllect to the user 1n exemplary embodiments, without limi-
tation. The wvisualization may comprise a game. For
example, without limitation, the visualization may comprise
a game character, a game setting, and one or more objectives
to be accomplished. The biofeedback collected may com-
prise muscle contraction, muscle tension, heart rate, blood
flow, pain perception, blood pressure, some combination
thereol, or the like. The parameters may be selected to reflect
a relatively lowering of muscle contraction, muscle tension,
heart rate, blood tlow, pain perception, blood pressure, some
combination thereof, or the like to reflect eflective therapy.

Alternatively, or additionally, the visualization may be
provided at step 2108 to engage and distract the user. For
example, without limitation, pleasant images or video clips

10

15

20

25

30

35

40

45

50

55

60

65

14

with motivational sayings, landscapes, music, some combi-
nation thereof, or the like may be provided.

If the biofeedback meets the parameters at step 2111,
positive visual feedback may be provided at step 2113a and
the user may be moved to the next stage in the therapy
program provided at step 2112a. In this way, each stage may
be completed sequentially until the entire program 1s com-
pleted. If the biofeedback does not meet the parameters at
step 2111, other visual feedback may be provided at step
2113b and further stimulation may be discontinued at step
21125 until the proper biofeedback 1s recerved. This may act
as a salety measure against overstimulation.

For example, without limitation, the positive visual feed-
back at step 2113a may comprise movement of the character
through the game, completion of an objective, a positive
message, desirable movement of a body part, movement of
another object, new motivational sayings, new landscapes,
some combination thereot, or the like. For example, without
limitation, the other visual feedback at step 21136 may
comprise lack of movement or regression of the character
through the game, failure to complete an objective, a nega-
tive message, a message ol encouragement, undesirable
movement of a body part, undesired or lack of movement of
another object, a lack of image change, some combination
thereof, or the like.

FIG. 13 1illustrates exemplary logic for forging neural
pathways using a combination of regulated stimulation to
induce a period of heightened plasticity at a user’s brain and
providing muscle education within the period of heightened
plasticity. At step 3102, regulated stimulation may be pro-
vided to induce a period of heightened plasticity at the user’s
brain. In exemplary embodiments, this stimulation may be
provided by the electrodes 106, such as but not limited to by
way of the device shown and described with respect to FIG.
1 and/or FIG. 7. Additionally, or alternatively, such regu-
lated stimulation may be provided by a separate stimulation
device comprising one or more electrodes 106 connected to
a stimulator 104 and one or more processors 102. Stated
another way, such regulated stimulation may, in exemplary
embodiments, be alternatively or additionally provided by a
device similar or the same as the one shown and described
with regard to FIGS. 1 and/or 7 but without the biofeedback
portions. Regardless, the stimulation provided may be con-
figured to induce stress 1n the user. The stress may cause the
release of certain neurotransmitters which induce a period of
heightened plasticity—the ability to learn and retain new
information.

Following the regulated stimulation at step 3102, a
muscle education program may be performed at step 3104.
The muscle education program may preferably be performed
immediately after completion of the regulated stimulation at
step 3102, or as soon as practicable, such as the time 1t takes
to remove any unneeded equipment, provide new equip-
ment, set user parameters for the muscle education program,
and the like. At a minimum, the muscle education program
at step 3104 1s performed during the period of heightened
plasticity provided by the stimulation of step 3102, which
may extend a certain number of minutes in exemplary
embodiments. The muscle education program performed at
step 3104 may include the automatic application of a multi-
variable algorithm to induce and monitor targeted muscle
performance and/or respiration to provide safe and eflica-
cious therapy. The target muscles stimulated at step 3104
may be the same or different from those to which the
stimulation to 1nduce plasticity was applied at step 3102.

The muscle education program performed at step 3104
may comprise one or more of the techniques shown and/or
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described herein, such as with respect to at least FIGS. 2-6C,
8,11-12, and/or 14. Alternatively, or additionally, the muscle
education program performed at step 3104 may be per-
formed using one or more of the devices shown and/or
described herein, such as with respect to at least FIGS. 1, 7,
and/or 9-10. In exemplary embodiments, the physical and/or
clectronic separation between the stimulation and biofeed-
back portions of devices used to provide the regulated
stimulation and monitor for user muscle activity to provide
teedback may provide safety against over stimulation, more
accurate and precise stimulation, and more accurate and
precise biofeedback.

The muscle education program performed at step 3104
may include visualizations of desired movements and/or
regulated stimulation which induces such desired move-
ments 1n exemplary embodiments. The induced actions
themselves (by way of regulated stimulation and biofeed-
back) may forge new neural pathways and/or reinforce
certain desirable existing neural pathways during the period
of heightened plasticity where the user’s brain 1s more likely
to learn and retain the newly foraged and/or remforced
pathways. Alternatively, or additionally, the process of view-
ing desirable actions and/or being provided visual cues
and/or feedback may forge new neural pathways and/or
reinforce certain desirable existing neural pathways during
the period of heightened plasticity where the user’s brain 1s
more likely to learn and retain the newly foraged and/or
reinforced pathways.

Such feedback may, at least 1in part, satisfy the user’s
desire for novelty, divert focus from pain or other undesir-
able sensations, or otherwise provide an enjoyable experi-
ence to encourage further progress. The feedback may,
alternatively or additionally, provide progress towards one
or more objective goals. As the user accomplishes these
goals, the user’s pleasure centers of the bramn may be
stimulated. The accomplishment of tangible objectives over
time may provide users with a sense of satisfaction that
moves the user towards overcoming physical and/or emo-
tional imjury. In exemplary embodiments, such feedback
may be provided intermittently, such as 1n an unpredictable
fashion. Such unpredictability 1s not necessarily random, but
may be provided at irregular intervals.

The process of performing regulated stimulation to induce
plasticity at step 3102 and/or performing the muscle educa-
tion program at step 3104 may be repeated periodically or
continuously any number of times in conjunction with the
same or different levels of stimulation at step 3102 and/or
muscle education programs at step 3104, though such rep-
etition 1s not required. For example, without limitation, the
muscle education program may be repeated with increasing,
levels of tolerance between received biofeedback and
desired biofeedback. As another example, without limita-
tion, the muscle education program may be repeated with
new desired actions requiring increasing levels of dexterity
and/or coordination.

Exemplary applications of this approach include, but are
not limited to, memory therapy (focus the attention of the
user to a directed subject or task), speech therapy, immuno-
therapy (inducing natural immune responses), pain therapy
(breathing control, association with positive visual cues),
and sexual dysfunction. Such applications may be accom-
plished using visual and/or muscular cues. These are merely
examples and are not intended to be limiting.

In exemplary embodiments, such applications may each
have one or more corresponding objective goals. The goals
may be specific to the patient, the therapy, the injury, the
stimulation routine, combinations thereof, or the like. The
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goals may be structured for anticipated accomplishment
over time. Such accomplishment may provide the user with
a sense of satisfaction which may provide a therapeutic
ellect. For example, without limitation, the accomplishment
of goals may provide an increased sense ol self and/or
wellbeing which may result 1n increased focus, reduced
anxiety, reduced despair, combinations thereof, or the like.
Examples of such objective goals include, but are not limited
to, range of motion, reaction time, muscle contraction levels,
combinations thereof, or the like.

Such goals may be programmed 1nto the device, selected
from preprogrammed goals, or the like. Such goals may be
set to likely be accomplished at irregular intervals. The
various steps shown and described herein may be performed
in any order. Certain steps may be repeated or omitted.

FIG. 14 illustrates exemplary logic for providing sensory
regulated stimulation. This logic may provide feedback
which may be used to, at least 1n part, control the stimulation
such that muscles are not pushed beyond the therapeutic
ellicacy. Such feedback may be gathered, and stimulation
adjusted, 1in substantially real-time, such as accounting for
normal transmission and processing times. However, peri-
odic or delayed updating may also be utilized. Such logic
may be used with the devices shown and described herein.
Such logic may be used in addition to, or alternatively to,
other exemplary logic shown or described herein. One or
more appropriate stimulation devices(s) 104, 106 may be
selected at step 4102. One or more appropriate biofeedback
device(s) 110, 111 may be selected at step 4104. For
example, without limitation, the biofeedback device 110,
111 may be selected for use with a particular body part
matching the body part selected for use with the stimulation
device 104, 106 at step 4102.

Alternatively, or additionally, the biofeedback devices
110, 111 selected at step 4102 may include, for example
without limitation, sensors configured to detect eye move-
ments, facial expressions, and/or other muscle activity. Such
movements may be detected by, for example without limi-
tation, transducers, cameras, infrared sensors, retina track-
ers, pupil trackers, facial recognition soitware 1mage recog-
nition software, moisture detectors, pressure sensors, heart
rate monitors, blood pressure detectors, oxygen saturation
sensors, respiration monitors, combinations thereot, or other
biofeedback sensor.

A therapy program may be selected at step 4106. The
therapy program selected may include one or more prede-
termined stimulation levels, durations, intensities, combina-
tions thereot, or the like. The therapy program selected may
include one or more biofeedback goals, thresholds, param-
cters, combinations thereol, or the like. The therapy program
may be specific to the patient, a body part, combinations
thereof, or the like.

Regulated muscle stimulation may be provided at step
4108, and may be provided 1n a manner consistent with the
selected therapy program. The stimulation administered at
step 4108 may be regulated 1n terms of wattage, voltage,
amperage, time, Irequency, duration, intensity, power,
energy, some combination thereof, or the like. Biofeedback
may be recerved at step 4110. The biofeedback recerved at
step 4110 may include, for example without limitation, eye
movements, facial expressions, heart rate, blood pressure,
respiration, combinations thereof, or other muscle activity.

After recerving such biofeedback at step 4110, a deter-
mination may be made at step 4112 as to whether the
received biofeedback 1s positive or negative, such as by
indicating a positive or negative user state. For example,
without limitation, biofeedback received consistent with
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pain, stress, anxiety, combinations thereof, or the like may
be determined to be negative. Biofeedback received consis-
tent with pleasure, relief, focus, combinations thereot, or the
like may be determined to be positive. Such biofeedback
may include, for example without limitation, eye movement,
pupil dilation, facial expressions, heart rate, muscle contrac-
tion, perspiration, respiration, blood pressure, oxygen satu-
ration, shifting, combinations thereot, or muscle activity. In
exemplary embodiments, a positive result may be deter-
mined where biofeedback 1s within predetermined thresh-
olds, targets, ranges, some combination thereof, or the like.
Similarly, a negative result may be determined where bio-
teedback 1s outside of predetermined thresholds, targets,
ranges, some combination thereof, or the like.

Where a negative determination 1s made, at step 4114A
stimulation may be ceased and/or adjusted, such as
decreased in intensity, duration, frequency, combinations
thereol, or the like. Where a positive determination 1s made,
at step 41148, stimulation may be continued and/or increase,
such as increasing in intensity, duration, frequency, combi-
nations thereof, or the like

The logic of FIG. 14 may be used 1n conjunction with a
visualization, such as but not limited to those shown and
described with regard to FIGS. 10-12. Alternatively, or
additionally, the logic of FIG. 14 may be used in conjunction
with 1induced plasticity, such as but not limited to the logic
shown and described with regard to FIG. 13. The stimulation
provided and/or biofeedback received may be performed
using one or more of the devices shown and/or described
herein, such as with respect to at least FIGS. 1, 7, and/or
9-10.

Any embodiment of the present invention may include
any of the optional or preferred features of the other embodi-
ments of the present invention. The exemplary embodiments
herein disclosed are not intended to be exhaustive or to
unnecessarily limit the scope of the invention. The exem-
plary embodiments were chosen and described in order to
explain the principles of the present mnvention so that others
skilled 1n the art may practice the invention. Having shown
and described exemplary embodiments of the present inven-
tion, those skilled 1n the art will realize that many variations
and modifications may be made to the described invention.
Many of those varniations and modifications will provide the
same result and fall within the spirit of the claimed inven-
tion. It 1s the intention, therefore, to limit the mvention only
as 1ndicated by the scope of the claims.

Certain operations described herein may be performed by
one or more electronic devices. Each electronic device may
comprise one or more processors, electronic storage devices,
executable software instructions, and the like configured to
perform the operations described herein. The electronic
devices may be general purpose or specialized computing
devices. The electronic devices may be personal computers,
smartphones, tablets, databases, servers, or the like. The
clectronic connections described herein may be accom-
plished by wired or wireless means. The computerized
hardware, software, components, systems, steps, methods,
and/or processes described herein may serve to improve the
speed of the computerized hardware, software, systems,
steps, methods, and/or processes described herein.

What 1s claimed 1s:

1. A system for forging neural pathways, said system
comprising;

a controller comprising one or more electronic storage

devices and one or more processors;

one or more stimulation devices 1n electronic communi-

cation with said controller and configured to provide at
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least a first, second, third, and fourth regulated electri-
cal stimulation to a muscle group at a portion of an
individual’s body when activated, where at least the
second, third, and fourth regulated electrical stimula-
tion are each configured to cause electrically stimulated
muscular contractions of the muscle group consistent
with a desired movement of said portion of the indi-
vidual’s body;
one or more biofeedback devices 1n electronic communi-
cation with said controller and configured to measure
activity ol muscles at the individual’s body; and
executable software instructions stored at the one or more
clectronic storage devices of the controller which when
executed configure the one or more processors 1o:
provide the first regulated electrical stimulation to
induce a period of heightened plasticity for the
individual’s brain;
after providing the first regulated electrical stimulation,
provide the second regulated electrical stimulation at
the muscle group of the individual’s body by way of
the one or more stimulation devices;
after providing the second regulated electrical stimu-
lation, receive biofeedback from the one or more
bioteedback devices:
determine if said received biofeedback i1s positive or
negative;
only after positive biofeedback is received, provide the
third regulated electrical stimulation which 1s
increased relative to the second regulated electrical
stimulation;
where negative biofeedback 1s received, cease provid-
ing the second regulated electrical stimulation and
instead provide the fourth regulated electrical stimu-
lation which 1s decreased relative to the second
regulated electrical stimulation;
after providing the fourth regulated electrical stimula-
tion, recerve additional biofeedback from the one or
more biofeedback devices;
determine 1f said received additional biofeedback 1is
positive or negative; and
where negative biofeedback continues to be received,
provide additional ones of the regulated electrical
stimulation by way of the one or more stimulation
devices at sequentially decreased levels down to a
zero-stimulation level unless and until positive bio-
teedback 1s received following a respective one of
the additional ones of the regulated electrical stimu-
lation.
2. The system of claim 1 further comprising:
an electronic display 1n electronic communication with
said controller and configured to provide images of the
desired movement of said portion of the individual’s
body; and
additional executable software instructions stored at the
one or more electronic storage devices of the controller
which when executed configure the one or more pro-
Ccessors to:
provide the images of the desired movement of said
portion of the individual’s body at the electronic
display;
determine that said positive biofeedback i1s received
where said received biofeedback aligns with said
desired movement of said portion of the individual’s
body;
provide positive feedback at said electronic display
where the receipt of said positive biofeedback 1is
determined:
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determine that said negative biofeedback is received
where said received biofeedback does not align with
said desired movement of said portion of the indi-
vidual’s body; and

provide negative feedback at said electronic display
where the receipt of said negative biofeedback 1is

determined.

3. The system of claim 2 wherein:

said positive feedback comprises 1mages depicting
completion of one or more goals of a game; and

said negative feedback comprises images depicting fail-
ure of the one or more goals of the game.

4. The system of claim 2 wherein:

said positive feedback comprises 1mages depicting a
smiling face; and

said negative feedback comprises images depicting a
frowning face.

5. The system of claim 2 further comprising:

additional executable software instructions stored at the
one or more electronic storage devices of the controller
which when executed configure the one or more pro-
cessors to display images depicting simulated move-
ment of the portion of the individual’s body at the
clectronic display consistent with the received biofeed-
back.

6. The system of claim 2 wherein:

said controller 1s configured to provide said images of the
desired movement of said portion of the mdividual’s
body at the electronic display in synchronization with
said second, third, and fourth regulated electrical stimu-
lation.

7. The system of claim 1 wherein:

said controller 1s configured to provide said second, third,
and fourth regulated electrical stimulation at the portion
of the mdividual’s body by way of the one or more
stimulation devices to induce muscular contractions
consistent with the desired movement of said portion of
the individual’s body during the period of heightened
plasticity.

8. The system of claim 7 wherein:

said controller 1s configured to provide said second, third,
and fourth regulated electrical stimulation at the portion
of the individual’s body by way of the one or more
stimulation devices to induce muscular contractions
consistent with the desired movement of said portion of
the individual’s body at least one additional time during
the period of heightened plasticity.

9. The system of claim 1 wherein:

the one or more stimulation devices are configured to
induce movement of muscles associated with speech;
and

the one or more biofeedback devices are configured to
measure activity of the muscles associated with speech.

10. The system of claim 1 wherein:

the one or more stimulation devices are configured to
induce movement of muscles associated with breath
control; and

the one or more stimulation devices are configured to
measure activity of the muscles associated with breath
control.

11. The system of claim 1 wherein:
cach of said one or more stimulation devices are electri-

cally 1solated from each of said one or more biofeed-
back devices.
12. A system for forging neural pathways, said system

comprising;
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a controller comprising one or more electronic storage
devices and one or more processors;

one or more stimulation devices in electronic communi-
cation with said controller and configured to provide at
least a first, second, third, and fourth regulated electr-
cal stimulation to a muscle group at a portion of an
individual’s body when activated, where at least the
second, third, and fourth regulated electrical stimula-
tion are each configured to cause electrically stimulated
muscular contractions of the muscle group consistent
with a desired movement of said portion of the indi-
vidual’s body;

one or more biofeedback devices 1n electronic communi-
cation with said controller and configured to measure
activity of muscles at the individual’s body, wherein at
least one of said one or more biofeedback devices 1s
configured to measure muscular activity of at least one
of the imndividual’s eyes;

an e¢lectronic display 1n electronic communication with
said controller and configured to provides images of the
desired movement of said portion of the individual’s
body;

a sound device i electronic commumnication with the
controller and configured to electronically detect
sounds; and

executable software instructions stored at the one or more
clectronic storage devices of the controller which when
executed configure the one or more processors 1o:
provide the first regulated electrical stimulation to

induce a period of heightened plasticity for the
individual’s brain by way of the one or more stimu-
lation devices;
after providing the first regulated electrical stimulation,
provide the second regulated electrical stimulation at
the muscle group by way of the one or more stimu-
lation devices, where the second regulated electrical
stimulation 1s 1nitiated or altered based on the elec-
tronically detected sounds;
provide the images of the desired movement of said
portion of the individual’s body at the electronic
display in synchronization with said second regu-
lated electrical stimulation such that the images of
said desired movement are provided at the same time
as the second regulated stimulation;
monitor for biofeedback at said one or more biofeed-
back devices:
only after biofeedback consistent with pleasure or relief
1s received:
provide the third regulated electrical stimulation
which 1s increased relative to the second regulated
electrical stimulation; and
provide a positive mdication at said electronic dis-
play;
where biofeedback consistent with stress or pain 1s
received, cease providing the second regulated elec-
trical stimulation and instead provide the fourth
regulated electrical stimulation which 1s decreased
relative to the second regulated electrical stimula-
tion;
after providing the fourth regulated electrical stimula-
tion, receive additional biofeedback from the one or
more biofeedback devices;
determine i1f said received additional biofeedback 1s
consistent with pleasure or relief or stress or pain;
and
where biofeedback associated with stress or pain con-
tinues to be received, providing additional ones of
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the regulated electrical stimulation at sequentially
decreased levels down to a zero-stimulation level
unless and until positive biofeedback associated with
pleasure or reliefl 1s received following a respective
one of the additional ones of the regulated electrical 5
stimulation.
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